Abstract. In this paper, a two-dimensional direction of arrival (2D-DOA) estimation algorithm for coprime L-shaped arrays with multiple signal classification (MUSIC) was proposed. The coprime Lshaped arrays consists of two uniform L-shaped subarrays with the minimum inter-element spacing larger than the half-wavelength of signal, which helps increase the degree of freedom and enhance the resolution of the array, but meanwhile causes phase ambiguity. In the proposed algorithm, we exploited the coprime property between the two single subarrays to eliminate ambiguity. And, MUSIC is one of the most classical and traditional algorithm, which has a great estimation performance and accuracy. Comparing to the typical one with the same total number of sensor elements, the proposed algorithm for coprime arrays obtain a better performance and a lower complexity. And the simulation results on MATLAB verify the algorithm's effectiveness and advantages.
Introduction
Direction of arrival (DOA) estimation, also known as spatial spectrum estimation, is a fundamental issue in array signal processing which has been widely applied in military and civil fields, such as communication, radar, sonar and medical etc. [1] [2] [3] . Numerous 2D-DOA estimation algorithms have been proposed in the past decades for different arrays [4] [5] [6] . L-shaped array, consisting of two linear subarrays connected orthogonally at one end of each subarray, is a commonly used two-dimensional DOA array. It features simple structure and relatively high estimation accuracy in practice. The notation of coprime arrays is proposed to make it possible with inter-element spacing of array larger than half-wavelength which can help increase the degree of freedom and enhance the resolution of the array [7] [8] . In paper [9] , authors construct a sparse coprime L-shaped array, and exploit the array extending capability of FOCs and the coprime property between subarrays to achieve accurate DOA estimation without phase ambiguity.
In this paper, we propose a 2D-DOA MUSIC algorithm for coprime L-shaped arrays, which is consisted of two uniform L-shaped subarrays. We firstly realize DOA estimation for decomposed subarrays, respectively, and then combine the estimation results of the two subarrays so as to exploit the coprime property between each decomposed array to eliminate phase ambiguity. With MUSIC algorithm, we obtain great 2D-DOA estimation performance. This paper is organized as follows: we firstly showed the signal model of coprime L-shaped arrays. Secondly we listed the steps of 2D-DOA estimation with MUSIC algorithm and explained the reason why coprime L-shaped arrays can help remove phase ambiguity. Next analyzed the algorithm computational complexity. Simulation results were illustrated and conclusion about the topic was drawn in the last part. Firstly, we research a single uniform L-shaped subarrays of the two with 2 1 M  sensor elements. The received signals at the subarrays along the x-axis and y-axis are written as:
represent the additive white Gaussian noise matrix.
represents steering matrix at x-axis,
represents steering matrix at y-axis, where
,
2D MUSIC Algorithm and Removing Phase Ambiguity for DOA Estimation
MUSIC is one of the most classical DOA estimation algorithms. It mainly takes advantages of the orthogonality between the signal subspace and the noise subspace by using eigenvalue decomposition to achieve accurate DOA estimation. In this section, we first apply MUSIC algorithm to subarray to obtain the DOA estimations.Then verify that the phase ambiguity can be eliminated by combining the estimation results of the two subarrays. We construct the matrix i Z as below: 
For the matrix ˆs R is full rank, i in  A E 0 , which means the orthogonality between the signal subspace and the noise subspace.
Here we construct the MUSIC spatial power spectrum of the subarrays:
Search for the peaks of the MUSIC spectrums (11) to get two sets of DOA estimation for the two coprime subarrays, respectively. By comparing the two sets of angles, we find the common ones, which is the real estimation of DOA.
Supposing that one single source imping on the coprime array locates at ( , ) k k   , the phase difference of adjacent received signal along x-axis and y-axis can be written as 2 sin cos 2 
According to Eqs. (14), we can get Figure 4 and Figure 5 . Furthermore,we compare the estimation performance of the MUSIC algorithm for the coprime L-shaped array and the uniform L-shaped array under different SNRs. Figure 6 .indicates clearly that the algorithm for coprime L-shaped array has a better performance. In Figure 6 and Figure 7 , we illustrate the estimation performance of the proposed algorithm for coprime L-shaped array with different number of snapshots L and different amount of sensor elements. Obviously, the performance of the proposed algorithm is getting better with L and amount of sensor elements increasing. 
Summary
In the array manifold with inter-element spacing larger than half wavelength of signal, it increases the degree of freedom and enhances the resolution of the array, but meanwhile there exists phase ambiguity. In this paper, we combine the estimation results of the two subarrays of the coprime array to solve the problem. Simulation results indicate that the proposed algorithm for coprime L-shaped array has a better estimation performance and lower computational complexity than the typical uniform L-shaped array. 
